Introduction
The study of photoinduced electron transfer reactions in welldened molecular multi-acceptor systems provides valuable information regarding their use in solar energy conversion.
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Cyclophanes that use two p-xylyl groups to connect two electrondecient units to form a box-like structure are well known to strongly bind electron-rich hydrocarbons inside their cavities, 15, 16 and thus these supramolecular complexes are important for developing an understanding of photoinduced electron transfer reactions in acceptor-donor-acceptor (A-D-A) systems. Previous work has demonstrated efficient electron transfer in host-guest complexes based on symmetrical electron-decient phenyl-extended viologen 17 (ExV 2+ )-and perylenediimide 18 (PDI)-based cyclophanes, in which a perylene (Per) guest molecule serves as the electron donor. In contrast, competitive electron transfer within asymmetric A-D-A 0 p-p stacks is more complicated, and presents both synthetic and spectroscopic challenges. However, understanding the underlying factors that govern competitive electron transfer reactions in A-D-A 0 systems is important for developing multi-pathway electron transfer systems [19] [20] [21] [22] [23] for quantum information science as well as solar energy harvesting and storage. Herein, we show that an asymmetric cyclophane incorporating two electron acceptor subunits with different reduction potentials is capable of hosting a Per electron donor in its cavity, and thus can serve as an excellent molecular platform for this purpose.
Our earlier work on oligomeric p-conjugated bridges, such as p-phenylenevinylene, 24 p-phenylene 25 and uorene 26 has revealed the importance of the bridge states in determining the electron transfer rate via the superexchange mechanism.
27
While providing valuable information, these covalently linked D-B-A systems usually demand laborious multistep syntheses, so that asymmetric cyclophane host acceptors with easily exchangeable guest donors bound to the host by supramolecular forces are appealing alternatives. An early approach using a variation of this concept employed C-shaped donor-acceptor molecules to trap solvent molecules or to hang pendant bridge molecules between the donor and the acceptor for studying superexchange involving the solvent and/or the bridge. [28] [29] [30] [31] [32] In addition, hemicarcerands containing a variety of guest molecules have been used to study electron transfer between the guest and semiconductor nanoparticles 33 or zinc porphyrinsubstituted cytochromes.
34
Recently we reported the synthesis and application in cell imaging of a hybrid cyclophane, TTzExVBox 4+ ( Fig. 1) , which contains an ExV 2+ and a dipyridylthiazolothiazole (TTz 2+ ) unit.
35
In the study reported here, Per was chosen as the electron donor because its photophysical properties have been thoroughly investigated, 36, 37 and it can be readily encapsulated by the cyclophane to form the Per 3 TTzExVBox 4+ complex (vide infra). 
Experimental section

Synthesis
The synthesis and characterization of the compounds studied here are described in the ESI. † Steady-state optical spectroscopy UV-Vis-NIR absorption spectra were acquired on a Shimadzu UV-3600 spectrophotometer. UV-Vis titrations were performed by adding small volumes of a concentrated cyclophane solution in CH 3 CN to a solution of Per in CH 3 CN. The appearance of the lower energy CT band was used to determine the association constant (K a ). Assuming a 1 : 1 complexation mode, K a ¼ 1.0 AE 0.2 Â 10 5 M À1 was calculated using Dynat, 43 a program which employs nonlinear least-squares regression on receptorsubstrate binding data measured by UV-Vis spectroscopy titration experiments. Absolute photoluminescence quantum yields were determined using a HORIBA Nanolog spectrouorimeter equipped with an integrating sphere. All samples were dissolved in CH 3 CN unless noted otherwise. Chemically reduced samples were prepared using cobaltocene (CoCp 2 ) as the reducing agent under a N 2 atmosphere.
Transient absorption spectroscopy
The fsTA spectroscopy apparatus has been described previously, 17 and here we present details specic to the present work. The 620 nm photoexcitation pulses were obtained using a home-built optical parametric amplier pumped by 414 nm pump pulses generated by frequency-doubling the 828 nm fundamental in a lithium triborate (LBO, q ¼ 90 , f ¼ 31.7 , 1 mm) crystal. 44 The energy of the photoexcitation pulses was attenuated to $1 mJ per pulse using neutral density lters and focused to a 200 mm spot size at the sample. The pump polarization was randomized using a commercial depolarizer (DPU-25-A, Thorlabs, Inc.) to eliminate any orientational dynamics contributions from the experiment. FsTA spectra were collected on a commercial spectrometer (customized Helios, Ultrafast Systems LLC). The path length of the quartz cuvettes was 2 mm, and the sample concentration of the cyclophanes was approximately 3 Â 10 À4 M to yield a typical optical density at the excitation wavelength of about 0.5. All samples were stirred to avoid localized heating or degradation effects during optical measurements. ICT is likely adiabatic. Additionally, the CT band in Per 3 TTzExVBox 4+ appears as a superposition of bands of the two symmetric complexes, which suggests that those complexes share similar electronic coupling to that of the asymmetric complex and that they can serve as suitable controls for understanding its photophysics.
Results and discussion
Supramolecular complex formation
It is important to point out that the solution-phase optical experiments are ensemble measurements, and since the hostguest binding is dynamic, they sample a distribution of Percyclophane orientations. The broadened Per peaks in the NMR spectra indicate fast exchange on the timescale of that experiment, such that the optical experiments sample different geometries at different stages of the exchange. These geometries are distributed about the minimum energy structure shown in Fig. 2 c do not overlap signicantly with each other or with the Per S n ) S 1 absorption, their relative extinction coefficients at those wavelengths were used to estimate their relative reduction yields via photoinduced electron transfer (vide infra). (Fig. 4a) . Global analysis was used to deconvolute the fsTA spectra into its component decay-associated spectra (DAS) (Fig. 4b) . Details of the tting methodology are given in the ESI (Fig. S7 †) . Three components were necessary to adequately t the data. The rst component with a 0.5 AE 0.3 ps lifetime is assigned to the competitive FET process. The second component describes the ensuing BET in s BET ¼ 11.4 AE 0.5 ps, while the third component (Fig. S13 †) .
Given The rate of back electron transfer k BET through a barrier is given by eqn (1a), and the barrier height DG* is given by (1b):
where E op is the energy of the optical CT transition (Fig. 3b) c upon selective excitation of TTz + c at 620 nm (Fig. 7a) . Importantly, this wavelength is not resonant with any electronic transitions of other species in TTzExVBox 3+ c; thus, monitoring the electron transfer Table 1 .
FET to ExV
2+ . These data can be t with a parallel A / (B, C) / GS species-associated model ( Fig. 7b and S10 (Fig. 5b) . See ESI † for details.
Forward and back electron transfer in Per 3 TTzExVBox
As discussed above there is signicant electronic coupling between the host cyclophane and the Per guest in both the ground and excited states, so that the ICT dynamics are likely strongly affected by the presence of the guest. 24 Superexchange requires the energy level(s) of the bridge engaging in this interaction to be higher than the lowest energy populated starting state of both the electron donor and acceptor, thus resulting in electron tunneling from the donor to the acceptor via mixing of the donor and acceptor states with the virtual bridge state. If the energy of the bridge state becomes comparable, i.e., nearly resonant to that of the electron donor, a change of mechanism Table 1 . Table 1 .
to thermally activated electron hopping can occur, where the electron hops to the bridge molecule for a nite time, thus destroying coherence. The total D-A coupling V D,A in this case for bridge sites B i engaged in a superexchange interaction is given by
where V D,B i and V B i ,A are the coupling of the bridge state i to the donor and acceptor, respectively, E B,i is the energy level of bridge state i, and E is the donor energy level. Eqn (2) reveals that the overall coupling V D,A is inversely proportional to the energy difference between the donor and bridge states. 56 Since the rate of electron transfer varies as the square of the coupling, the effect of superexchange diminishes as the inverse square of the energy gap. The mixing process can involve either bridge excited states or a combination of hole and/or electron transfer to the virtual states of the bridge.
57,58
Assuming that the FET reaction 2 state, which is at least 0.6 eV lower than the Per LUMO (Fig. 5b ), then it is not possible for either of these 2
*TTz
+ c states to reduce Per directly during the FET process. Consequently, the slightly faster FET rate in the complex is attributed to the superexchange mechanism and/or modulation of the barrier by the presence of the perylene guest. Importantly, while the states responsible for superexchange mixing in both cases are energetically accessible from the initial photoexcited states, they are not observed to be populated during the FET process. This result is expected since both the oxidation of perylene from 
57,58
Focusing on the BET reaction, there are a multitude of states in energetic proximity to each donor to provide viable coupling through superexchange. 55, 56 For the TTz 2+ -Per-ExV + c / TTz + cPer-ExV 2+ process (Fig. 5b) , the perylene bridge can either be oxidized or reduced 61 by the neighboring acceptor or donor, which yields two ionic states $1.36 and 1.65 eV above the donor energy level, respectively. The coupling between the donor and these two ionic states, according to eqn (2) , both contribute to the total enhanced donor-acceptor coupling. The lowest excited state of the bridge is 2.85 eV above the donor state, so based on eqn (2), its contribution should be negligible.
The back-electron transfer pathway in the system TTz 2+ -PerExV 2+ (Fig. 5a) -Per + c-ExV + c donor. 63 The superexchange energy levels are highlighted in Fig. 5 .
The observation of the same (16 ps) À1 BET rate in both cases is most likely a coincidence owing to the different energies of the relevant bridge states. Since the lowest energy donor-bridge gaps in each complex are dissimilar, achieving the same BET rate would require compensation by the electronic couplings and/or by the additive nature of each pathway's contribution implied by eqn (2) . It is interesting to note that the donor-bridge energy gaps between the TTz (2) the rates of BET should also be similar. However, accurately determining the relevant electronic couplings for each pathway is challenging, and so the precise origin of the rate correspondence is difficult to identify.
Conclusions
We c reveal that the presence of the Per guest inside the cyclophane can markedly enhance the FET and BET rates, which is ascribed to the superexchange mechanism. This research demonstrates that easily tunable supramolecular A-D-A 0 or D-B-A complexes in which the donor, bridge, and acceptor components are part of a rigid, box-like cyclophane are versatile systems for studying photoinduced electron transfer in which the oxidation states of guest molecules can be precisely controlled.
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